Abstract An exploratory study was carried out at 22 sampling stations along the Langat River, Selangor in order to investigate on the vitality of cation exchange capacity (CEC) in sediment (0-5 cm). Parameters such as pH, Eh, salinity, and electrical conductivity (EC) were determined. The CEC in sediment has been calculated by the determination of Ca 2+ , Na + , Mg 2+ , and K + using the flame atomic absorption spectrophotometer, while the organic matter content in sediment was ascertained using the loss on ignition method. The characteristic of the sediment shows that pH (3.09-7.46), salinity (0.02-10.71 ppt), EC (3.39-517 μS/ cm) and Eh (−16.20-253.10 mV) were substantially high in variation. This study also revealed that exchangeable Ca 2+ and Mg 2+ were controlled by organic matter contents, while exchangeable Na + and K + were influenced by salinity. Salinity was observed to play a major part in controlling all the exchangeable cations, as it gives strong significant correlations with Na + , K + , Mg 2+ , CEC, and organic matter at p< 0.01. The presence of seawater, clay mineralogy, and organic matter proves that it does play an important role in determining the CEC and soon relates to the pollution magnitude in the sediment.
Introduction
Malaysia is a tropical country blessed with breathtaking scenery, fantastic panorama and wide variety of wildlife and exotic creatures. One of the many Malaysian attractions is the river, which is a natural watercourse that flows from upstream towards downstream of the river and end up into the ocean and estuaries. Sediment in the river conceals thousands of questions about the health of the river. Recently, many researches utilise sediment to portray the status of the river (Lin and Chen 1998; Lim and Kiu 1995; Sarmani 1989) . This is particularly because sediment is known to be an excellent medium to represent the trap or final sink of heavy metals discharged into the environment (Luoma and Bryan 1981; Ismail and Safahieh 2005; Praveena et al. 2008; Alkarkhi et al. 2009 ). Furthermore, sediment capable to tabulate transport and fate of anthropogenic organic compounds by details investigation on the chemistry, interaction and distribution of the sediment .
The clay and organic matter in sediment are the primary factors for the determination of cation exchange capacity (CEC). CEC refers to the quantity of negative charges in soil existing on the surfaces of clay and organic matter (Camberato 2001) and the capacity of soils to adsorb and exchange cations (Tan 1993; Radojevic and Bashkin 2007) . Cations may have different abilities to exchange the absorbed cations; therefore, the amount of exchanged cation is often not equivalent to the amount absorbed. Hence, the ability of sediment to bind cations often measured by the CEC thus relates with the potential migration of metals in soil (McLean and Bledsoe 1992) . The divalent ions usually held cation more strongly compare to the monovalent ions (Tan 1993) . It has frequently been assumed that the CEC of sediments is caused by the presence of mineral content in the sediment. However, in natural sediments, the majority of mineral grains are encrusted with organic matter or incorporated into an organic matrix (Whitlatch and Johnson 1974) . The concentration and distribution of exchangeable cations in sediment can also be used as a measure of the rate and degree of leaching and weathering.
Unfortunately, in Malaysia, there is a limited amount of studies on the importance of organic matter and CEC towards the environment. Most people are not aware of the vitality poses by these elements. This topic should not be neglected since CEC is undoubtedly crucial as it provides unambiguous information regarding the influential factor that controls the concentration of metals in sediment and the ability of soil or sediment to retain metals (Ololade et al. 2008) . Moreover, CEC will assist in the measurement of the soil to hold and exchange the ions, which likely relates to the mobility of the heavy metals in the sediment. Henceforth, the adsorption of metal cations is often affected by various soil properties; some of these are pH, redox potential, clay, organic matter, Fe and Mn oxides and calcium carbonate content. Hence, this results to the increase or decrease in metal movement in the soil water (McLean and Bledsoe 1992) . Therefore, this study will boost to generate a profound understanding on the pollution magnitude in the river and the importance of CEC and organic matter towards the binding and transport of heavy metals in the riverine. Furthermore, this will scrutinise the leading factors that predispose the cation exchange process held in the Langat River.
The purpose of this study is to determine the characteristics of the sediments [pH, salinity, electrical conductivity (EC), Eh, CEC, and loss on ignition (LOI)] in terms of its variability. Furthermore, this study highlights the relationship between CEC with each physicochemical parameter, as it will reveal the factors that influence the level of CEC in the river and eventually classify the sampling station that rendered the same level of similarities based on the exchangeable cation content and influenced strike by salinity and LOI against it.
Experimental procedures

Description of study sites
The Langat River catchment straddles the main conurbation in Klang Valley, thus forming parts of the growing urban complex of the Selangor State, Malaysia . The main course of Langat River is about 180 km long with total catchment area of approximately 2,350 km 2 . Sediment samples were collected at 22 stations in Langat River from 8th to 10th December 2010. The sampling areas spread from latitude 2°54′17.38″ N to 3°12′53.8″ N and longitude 101°2 2′33.99″ E to 101°53′00.7″ E as illustrated in Fig. 1 . There are several tributaries joining the main course of the Langat River, such as Semenyih River, Beranang River and Lui River . Langat River is an important raw water supply for domestic and industrial uses, which caters up to 1.2 million people within the basin. The Langat River flows through major towns, such as Kajang, Putrajaya, Dengkil, Bangi and Banting. In addition, there are three constructed dams located in Langat River, which are Semenyih Dam, Langat Dam and Putrajaya Dam.
Sampling and analytical procedures
Sediment samples (0-5 cm) were collected in triplicates at each sampling station using auger and plastic scoops depending on the accessibility to the river later homogenised into an acid-washed zip locked polyethylene bag. The samples are immediately brought back to the laboratory and kept refrigerated at −10°C prior to analysis. The sediment samples were air dried and meshed using pestle and mortar. Then, the sediment samples were sieved through 2-mm sieve for further analyses. pH and Eh were determined in triplicates to improve the measurement of variation using the Mettler Toledo Model SevenGo Pro-SG78, while EC and salinity were determined using the Mettler Toledo model SevenGo Pro-SG7 probe meter with 1:2 ratio of sediment and deionised water. The probes used in this study were first calibrated using specific calibrating solutions in order to promote precision before measuring the variables. A mean value was calculated with standard deviation (SD) as an indication of the precision for each parameter measures in triplicates (Aris et al. 2012) . In addition, all the apparatus used were soaked overnight in 5 % of HNO 3 and rinsed with distilled water after being soaked prior to analysis. The analyses were performed in a clean laboratory in order to minimise the potential risk of contamination (APHA 2005) .
Loss on ignition
LOI was conducted in order to determine the organic matter in the sediment. The crucible was dried in an oven at 105°C to a constant weight and leaved in a desiccator for 30 min. One gram of sediment was accurately weighed and place into a preweighed dry crucible. If necessary, few drops of H 2 O 2 are added to promote oxidation in order to further facilitate the digestion of organic matter in samples and promote good recoveries (Tengku Ismail et al. 2011) . Then, the crucible was placed into a muffle furnace, and the temperature was increase to 550°C. The sample was leaved for 3 h or overnight if convenient. Later, the sample was cooled, transferred to a desiccator and allowed to cool to room temperature. Then, the crucibles are weighed, and LOI was calculated (Radojevic and Bashkin 2007) . The LOI is calculated using the following expression:
where M 1 is the initial weight of the sediment (g), M 2 is the weight of sediment after ignition (g) and M 3 is the sediment weight (g).
Cation exchange capacity
Meanwhile, CEC was determined by measuring the exchangeable cations displace from sediment by adding the sodium chloride (NaCl) and ammonium chloride (NH 4 Cl) ). Approximately about 20 g of sediment was divided in two 10-g portions, one for treatment with 1 M NaCl and another one is for treatment with 1 M NH 4 Cl. Then, about 10 mL of 95 % ethanol was carefully poured on the sediment by suction using the Buchner funnel. The ethanol remaining in the sediment was removed by overnight evaporation. After that, the sediment was transferred into small 50-mL polycarbonate centrifuge tubes. Approximately 30 mL of 1 M NaCl was poured into one set of sub samples, and 1 M NH 4 Cl solution was added to another set. The centrifuge tubes containing pretreated solution were shaken end to end in a rotary shaker for 20 min and centrifuged at 3,000 rpm for 30 min in order to settle the fines. The supernatant was filtered through a 0.45-μm cellulose nitrate membrane filter and preserved with 1 % 7 M HNO 3 . The sediments treated with NaCl were used to determine calcium (Ca 2+ ), magnesium (Mg 2+ ) and potassium (K + ), while NH 4 Cl was used to determine the sodium (Na + ). Lanthanum chloride (LaCl 3 ) solution was added with 10:1 sample and LaCl 3 ratio in the solution in order to avoid interference during analysis (Radojevic and Bashkin 2007) . The samples are place in the 100-mL volumetric flask and added with Millipore water until the 100 mL mark; afterwards, the sample was analysed using the flame atomic absorption spectrophotometer (FAAS) model Shimadzu AA-6800F. The detection limits of the cations are 0.3 μg/L for Na + , 1.5 μg/L for Ca 2+ , 0.15 μg/L for Mg 2+ and 3 μg/L for K + .
Data analysis
A descriptive statistic was conducted to describe the main features of the data. Other than that, one-way ANOVA, Pearson's correlation, cluster analysis (CA) and principle component analysis (PCA) were also applied to depict the overall obtained data from the sediment analysis. The oneway ANOVA was chosen in order to identify whether there is a significant difference in sediments at each sampling location. Pearson's correlation is used to determine the degree and the strength of a linear relationship between variables. Meanwhile, CA was performed in order to classify the different sources in each sampling location on the basis of their similar chemical properties (Praveena et al. 2007 ). Furthermore, the cluster was also conducted to find the optimal grouping for which observations within each cluster are similar, but the cluster is dissimilar to each other (Alkarkhi et al. 2009 ). On the contrary, PCA is also adopted in this study primarily to extract the different factors of the data (Alkarkhi et al. 2009 ) as well as to discover and interpret the relationship between each variable (Praveena et al. 2008 ). This technique is one of the many multivariate statistical methods that aim to determine the underlying structure of a multivariate datasets to summarise and reduce the amount of data (Bierman et al. 2011) . Other than that, PCA also assists in the exploration of the possible similarities in the behavior of each variables, thus categorises them into the same factor (Passos et al. 2010) . Moreover, the application of this technique (CA and PCA) is undoubtedly remarkable as this technique investigates the principles of interaction between each component, thus integrating them into a system (Aris et al. 2012) . The integration of components at each system will provide substantial information regarding the relation of each variable and the similarities they pose towards one another.
Results and discussion
The descriptive statistics obtained via the overall datasets are given in Table 1 . Initially, the sediment pH in Langat River varies from 3.09 to 7.46 with the SD of 0.83, indicating that there is less variability of pH in the sediment. The minimum pH value was identified in LA 9, which reflects that the present sediment sample is slightly acidic, as this might be due to the sand mining activities that physically impact the river by destabilising the stream beds and banks leading to the instability of the ecosystem (Ashraf et al. 2011) , and the leaching of aluminum (Al) from the soil may also contribute to the acidity of the sediment (Radojevic and Bashkin 2007) . Moreover, the fertilisers used for crops (oil palm) that are being cultivated throughout the river contribute to the decrease in pH in the sediment as fertiliser may contain monosodium and disodium methylarsonate (Sarmani 1989) . Meanwhile, salinity of the sediment generally ranges between 0.02 and 10.71 ppt. The highest value of salinity was noted at LA 1. This is because LA 1 is located farther towards the downstream area, and it tends to be influenced by the seawater intrusion, hence generating the concentration of salts trapped in the sediment; this is similar with Na + that indicated higher (Radojevic and Bashkin 2007) . Likewise, the Eh value ranges between −16.20 and 253.1 mV. The lowest Eh was noted at LA 2 indicating high reduction, whereas the highest value at LA 9 indicates high oxidation. This is primarily due to the sediment in LA 2 undergoing anaerobic condition, which yields to an absence of oxygen and nitrate, and the bioreducible iron and manganese compounds are in a reduced state, causing it to lead towards the reduction of oxygen in the sediment (DeLaune and Reddy 2005).
The CEC recorded in Langat River ranges from 2.71 (LA 13) to 67.82 (LA 2)meq/100 g. Uniquely, the primary factor controlling the CEC is clay and organic matter; therefore, different types of clays have different CECs (Camberato 2001) as proven in this study where the correlation of CEC and organic matter is 0.899 significant at p<0.01. Furthermore, the higher the quantities of clay and organic matter in sediment, the higher the CEC (Camberato 2001), as shown Fig. 2 . The CEC value seems to increase as the LOI increases. Meanwhile, the LOI ranges from 0.62 % (LA 13) to 17.90 % (LA 1). The percentage of organic matter in sediment does corresponded excellently with CEC, as shown in Fig. 2 . On the other hand, the level of organic matter often relates to the soil erodibility, and the downstream area eroded more compared to the middle stream and upstream areas (DID 2010). Thus, it triggers the composition of plant residues into the river eventually causing higher concentration of organic matter. Ca 2+ was identified to be the most exchangeable cation in the sediment particularly due to the higher charges prone to be adsorbed first followed by Na + , K + and Mg 2+ . This is particularly due to the fact that the bigger the ionic radius, the smaller the electrical field that the ion emits; consequently, it is less hydrated than ions with smaller radius, which emit stronger electrical fields. This explains why ions with higher ionic radius are preferably sorbed from soil solution by soil particles (Dube et al 2001) . Initially, all soils contain Ca 2+ and Mg 2+ as exchangeable cations. However, Ca 2+ was found to predominate quite frequently, while Na + often presents in saline soils and exchangeable K + is a necessary component; therefore, the content is not high (Orlov 1992) . Accordingly, the high exchangeable Na + in Langat River resulted from the influence of seawater or salt concentration in sediment as is confirmed by the Pearson correlation results, which reveals that Na + does strongly correlates with salinity (r00.902) at p<0.01. Langat River is known as an agricultural area that cultivated crops such as oil palm along the river, and K + is the third most important fertiliser elements other than nitrogen and phosphate (Orlov 1992) . On the other hand, K + is also available in the organic content from the sediment sample since the plant cell does contain K + ; thus, the plant debris in the sediment samples may relate to the abundant of K + in the samples. Therefore, the usage of fertiliser is washed by surface runoff and accumulates into the sediment, hence leading to the high accumulation of exchangeable K + in sediments. The Pearson's correlation analysis was conducted using the overall data of sediment, as presented in Table 2 . The pH and Eh show perfectly strong negative correlation with r0 1.000 and significant at 99 % confidence level (p<0.01). Theoretically, the results proved to be true due to the involving of hydrogen ions or hydroxide ions in pH that controls Eh. Moreover, relationship of Eh and pH is explained under the Nernst equation. The slope of the Eh against the pH line is −0.059; therefore, as pH increases 1 U, Eh decreases 0.059 V and pe+pH0a constant or 20.83 (Soil Chemistry 2011).
Meanwhile, salinity correlates relatively strong positive relation with Na + , Mg 2+ , K +, CEC and LOI. Ideally, when salts dissolve in water, it breaks apart into anions and cations; thus, the six major ions form 99 % of the total dissolved water. Salinity in freshwater maybe also induced by the industrial wastewaters, which tend to contain high levels of inorganic salts formed by various industrial processes (Turf Revolution 2011). The EC supposedly gives a strong correlation with salinity. However, in this case, the results indicate negatively weak correlation with r0−0.365 significant at 99 % confidence level. A cluster analysis was made, and it came into agreement that the river was classified into three groups, such as saline, brackish water and freshwater. Using all the data, the results will give a negative weak correlation. However, after grouping it into the three Fig. 2 The relationship between cation exchange capacity and loss on ignition of Langat River classes, the results elucidate a very strong positive linear relationship between the two variables. This is particularly due to the fact that the magnitude that influences the downstream area is different from the factor influencing the upstream area. Normally, the upstream areas of the river do not undergo any intrusion from the seawater due to the farther distance between coastal and upstream compared to the middle stream and downstream areas. This induces disturbance in the correlation between conductivity and salinity since huge gap occurred in the value between the upstream and downstream area. Therefore, in this case, it is advisable to group the sampling stations in order to have a stronger positive linear relationship between the two variables.
The correlation of CEC with LOI is very strong with r0 0.899, which is significant at 99 % confidence interval. This confirmed the statement by Orlov (1992) , which explained that CEC depends on the particle size distribution; however, the dominant factor of CEC are conquered by the clay minerals and humus content. Moreover, it is well known that the cation exchange properties of a soil are due almost entirely to the clay and organic colloid fractions. It has also been shown that the application of organic material to the soil improves its exchange capacity because of the presence of humic substances in these organic materials (Lax et al. 1986 One-way ANOVA was conducted on the overall sediment dataset. Based on the results, it shows that all the variables are significant at p<0.01. The CA was done using all the exchangeable cation elements in an attempt to identify the level of similarities based on the mineral content at each sampling locations. CA rendered a dendogram as shown in Fig. 3 . In Fig. 4 , the dendogram stipulated that the influence of salinity and LOI strike towards the cluster in Fig. 3 . Based on Fig. 4 , it indicates that there are three groups of similar sampling stations existing at the surficial sediment (0-5 cm). Cluster 1 consists of sampling stations that are located at the downstream of Langat River, which are LA 1, LA 2, LA 3 and LA 4. Meanwhile, cluster 2 covers the middle stream area where it grouped LA 9, LA 13, LA 16, LA 19, LA 20, LA 21 and LA 22, whereas all the other sampling station are classified in class 3. The similarities in all the three classes can be caused by the input inducing into the river that is basically influenced by the sediment characteristic.
Referring to Fig. 3 , clusters 1 and 3 may have higher CEC rather than cluster 2, as this is reflected by the sediment sample texture of each sampling station. For clusters 1 and 3, the samples are in resemblance to the clay types, while in cluster 2, the samples are mainly dominated by sand. Higher CEC likely indicates more clay, poor internal drainage, limited structure and soil compaction in high traffic areas. Low CEC is indicative of sandy textured soils prone to drought that invariably need more organic matter to improve water holding capacity, but have open grainy structure that resist compaction (Turf Revolution 2011). Based on the cluster, it is clearly shown that there were three classes that differentiated the exchangeable cation in each location. Likewise, the CEC often relates to the particle size distribution of the sample as clay minerals and organic matter, as suggested by Orlov (1992) that the capacity of adsorption and exchange of cations are located in the clay fraction of the soil.
According to DID (2010), the flatland area and the major river valleys are overlain by alluvium. Likewise, the middle stream areas are underlain by sandstone and phyllite, while the upstream areas are underlain by granite. The alluvial type of soils may contain clay mineralogy, which might relate with montmorillinoite due to the higher CEC strike in downstream area, whereas granite often has smaller particle distribution, and it cannot retain much exchangeable cation to bind with the surface of the sediment. In fact, in sandy and sandy loam soils, the CEC concentration will drop drastically to 1-5 meq/100 g (Soil Chemistry 2011). Based on the CEC values, the clusters 1and 3 maybe accounted as montmorillinoite in the group of smectites as suggested by Essington (2004) , and cluster 2 might be the micas and illite groups as presented in Table 3 . The smectites have the largest specific surfaces, owing to the weak interlayer bonding, allowing the soil solution to penetrate between the units (Alloway 1990) . Therefore, with the large specific surface, it has resulted to a quite high CEC compared to other minerals (Alloway 1990) . This is because the expandable clay minerals (smectites) have greater CEC compared to the non-expanding types; thus, it pejoratively Fig. 3 Dendogram based on the exchangeable cation in the sediment of Langat River Fig. 4 Dendogram based on the elements strongly correlated with CEC gave greater propensity for immobilising chemicals such as metal ions (Dube et al 2001) . The illites have smaller CEC compared to smectites due to the very little isomorphous substitution occurring, and they have a 2:1 bonded by K ions other than that the expandability of illites are low in soil mineralogical types; therefore, they are tightly bonded together causing them to encounter difficulty to bind with the surface of the sediment (Alloway 1990; Hepper et al. 2006 ). In Fig. 4 , after considering the LOI and salinity, the cluster seems to differ from that in Fig. 3 . This indicates that the influence governed by salinity does affect drastically to the grouping that classifies the similarities of sampling location. In addition, it clearly confirmed that salinity and CEC do have a very strong correlation, as stated in Table 2 .
Based on Fig. 4 , the CA groups the sampling locations into three classes, which were arranged based on the downstream, middle stream, and upstream areas. Cluster 1 represents the saline locations, which ideally located downstream of the river. Meanwhile, cluster 3 indicates the middle stream area where there is a mixing of seawater in the particular area. Lastly, all the other sampling locations are grouped in cluster 2, as they represent the freshwater that governs the Langat River. This indicates that the diversified environment in the Langat River may result to slightly shifting in sediment characteristics, thus triggering the imminent changes towards the susceptibility of the sediment.
PCA conducted on the overall dataset reveals three components with eigenvalues >1. Figure 5 and Table 4 display the factor loadings after varimax rotation approach was applied as well as initial eigenvalues, percentile of variance and cumulative percentage. These three PCs explained 91.38 % of the variance in the data set, with more than half (60.26 %) of the data variance explained in the first two PCs.
PC1 accounts for 35.77 % of total variance, and strong positive loading was observed for salinity, K + and Na + . These results are in agreement with the results obtained using the Pearson's correlation in Table 2 , which noted to have strong significant positive relationship with one another at p<0.01. Meanwhile, PC2 observed that Eh has strong significant negative correlation with pH at 99 % confidence level as explained by the correlation in Table 2 . The total variance for Eh and pH recorded was 24.29 %. This Table 3 Cation exchange capacity based on Orlov (1992) , Essington (2004) and Bohn et al. (1979) Sastre et al. (2006) , the concentration of Ca 2+ and Mg 2+ in the soil solution increases with the presence and increase in heavy metal concentration, which pointed the cation exchange process between the macroelements and heavy metals. By the increase in heavy metal content, the cation exchange process increases and leads to the release of Ca 2 + , Mg 2+ and K + from soil adsorptive complex. It is a fact that cation exchange is the leading force in metal sorption. This is because there are several different mechanisms that can be involved in the adsorption of metal ions, and cation exchanges are included other than specific adsorption, organic complexation and co-precipitation (Essington 2004) . Moreover, adsorbability of the heavy metals in sediment increased with increasing CEC same goes by organic matter, as it is the most important scavenger for metals in the river sediment according to Lin and Chen (1998) . Therefore, CEC and organic matter can be excellent indexes in the assessment of the accumulation of heavy metals in the sediment.
Conclusions
This study revealed that the mean pH of the sediment is classified as slightly acidic throughout the entire river, as it ranges from 3.09 to 7.46; however, only LA 2 (7.46) represents alkaline condition in the sediment. Meanwhile, the salinity of the sediment was notified to be non-saline from the middle stream to the upstream area, whereas the downstream area is mostly likely categorised as saline particularly due to the salts from the seawater that are trapped into the sediment. This is similar with EC, as all the value fluctuated throughout the river. In spite of this, the Eh recorded indicates that almost all of the sampling stations experience high oxidation in the sediment, whereas only LA 2 underwent high reduction due to the absence of oxygen in the sediment. Salinity portrays a significant role in the ability to retain cations in the sediment, as it gives strong correlation with all the exchangeable cations. Other than that, the LOI of sediment was identified to correspond very well with the CEC. The retention of cations in the sediment showed that Ca 2+ was the most abundant element in the sediment compared to Na + , Mg 2+ and K + . This is because Ca 2+ is the predominant element in the soil composition; however, with the presence of salts in the river, the most abundant elements will be dominated by Na + . Since the pollution magnitude shift from time to time, this study will be catered as a background data to promote CEC as a strong indicator of heavy metal behavior and transport, and it will be a leading force in the metal sorption in the sediment. Moreover, with the limited amount of data, identifying the point source would be much easier after having an in-depth understanding on the CEC and its characteristic in the sediment. 
